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(57) ABSTRACT 
A medical perfusion system for use in connection With the 
medical treatment of a patient is provided With a ?rst type of 
perfusion device in the form of a blood pump adapted to 
pump blood through a ?uid conduit connected to the patient, 
a second type of perfusion device in the form of a sensor 
adapted to sense a condition relating to the pumping of blood 
through the ?uid conduit and to generate a sensing signal 
relating to the condition, and a data communications net 
Work for operatively interconnecting the perfusion devices. 

(*) Notice; This is a publication of a Continued pros- The perfusion system also includes means for transmitting 
ecution application (CPA) ?led under 37 messages in the form of digital data packets among the 
CFR 1_53(d)_ perfusion devices over the data communications network 

and a controller operatively coupled to the perfusion devices 
(21) Appl, No; 09/030,989 via the data communications network, the controller having 

an input device for accepting pump control commands 
(22) Filed: Feb. 26, 1998 relating to the blood pump from an operator. 
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MEDICAL PERFUSION SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] The present invention is directed to a medical 
perfusion system adapted to handle the selective oXygen 
ation, ?ltering and recirculation of blood in connection With 
various medical procedures. 

[0002] A conventional perfusion system may be used to 
oXygenate, ?lter, and/or recirculate the blood of a patient 
during a medical procedure. Such a perfusion system may 
have a ?uid conduit that removes blood from the patient 
during the medical procedure, a separate ?uid conduit that 
returns blood to the patient, one or more blood pumps that 
pump blood through the conduits, and a plurality of sensing 
devices, such as How sensors and/or level sensors associated 
With blood pumps. The perfusion system may also include 
air embolus sensors, temperature sensors, ?oW occluders, 
etc. 

[0003] Typically, a perfusion system is provided With a 
con?guration speci?cally designed to be used for a particu 
lar purpose. For eXample, one perfusion system may be 
speci?cally designed as a full-function heart/lung machine, 
While another perfusion system may be speci?cally designed 
as a ventricular-assist system. Although it may be possible to 
convert a perfusion system designed for one purpose to a 
perfusion system usable for a different purpose, such recon 
?guration is generally difficult and/or time-consuming. 

SUMMARY OF THE INVENTION 

[0004] The invention is directed to a medical perfusion 
system for use in connection With the medical treatment of 
a patient. The perfusion system includes a ?rst type of 
perfusion device in the form of a blood pump adapted to 
pump blood through a ?uid conduit connected to the patient, 
a second type of perfusion device in the form of a sensor 
adapted to sense a condition relating co the pumping of 
blood through the ?uid conduit and to generate a sensing 
signal relating to the condition, and a data communications 
netWork for operatively interconnecting the perfusion 
devices. The perfusion system also includes means for 
transmitting messages in the form of digital data packets 
among the perfusion devices over the data communications 
netWork and a controller operatively coupled to the perfu 
sion devices via the data communications netWork, the 
controller having an input device for accepting pump control 
commands from an operator. 

[0005] The data communications netWork may be pro 
vided With a plurality of netWork connectors, each of Which 
has an identical connector con?guration, and the perfusion 
system may include at least tWo adapter pods, each of Which 
has a common connector adapted to be coupled to one of the 
netWork connectors and a device connector adapted to be 
coupled to one of the perfusion devices. The message 
transmitting means may include means for generating a 
message containing a control command for the pump and 
means for generating a message containing data relating to 
the sensed condition. 

[0006] The controller may include a plurality of netWork 
connectors, and the data communications netWork may 
include a netWork eXtender having a netWork connector 
adapted to be coupled to one of the netWork connectors of 
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the controller, a plurality of eXtender connectors adapted to 
be connected to the common connectors of the adapter pods, 
and a data bus electrically interconnecting the netWork 
connector of the netWork eXtender With each of the eXtender 
connectors. 

[0007] In another aspect, the invention is directed to an 
adapter pod for use in a medical perfusion system having a 
data communications netWork With a plurality of connection 
points each having a substantially identical netWork con 
nector. The adapter pod includes a common connector 
adapted to be connected to one of the netWork connectors, 
a device connector adapted to be connected to a perfusion 
device, and means for generating a message in the form of 
a digital data packet. 

[0008] These and other features of the invention Will be 
apparent to those of ordinary skill in the art in vieW of the 
detailed description of the preferred embodiments, Which is 
made With reference to the draWings, a brief description of 
Which is provided beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a block diagram of a preferred embodi 
ment of a perfusion system in accordance With the invention; 

[0010] FIG. 2 is a perspective vieW of the main controller 
shoWn schematically in FIG. 1; 

[0011] FIG. 3 is a perspective vieW of one of the netWork 
extenders shoWn schematically in FIG. 1; 

[0012] FIG. 4 is a perspective vieW of one of the adapter 
pods shoWn schematically in FIG. 1; 

[0013] FIGS. 5-7 illustrate a number of connector con 
?gurations; 

[0014] FIG. 8 is a perspective vieW of the main controller 
shoWn schematically in FIG. 1 With tWo netWork eXtenders 
and eight adapter pods plugged therein; 

[0015] FIG. 9 is a block diagram of the main controller 
shoWn schematically in FIG. 1; 

[0016] FIG. 10 is a block diagram of one of the eXtender 
controllers shoWn schematically in FIG. 1; 

[0017] FIG. 11 is a block diagram of one of the node 
controllers shoWn schematically in FIG. 1; 

[0018] FIG. 12 is a block diagram of one of the adapter 
pods shoWn schematically in FIG. 1; 

[0019] FIGS. 13A-13H are ?oWcharts illustrating the 
operation of the main controller shoWn in FIG. 1; 

[0020] FIGS. 14A-14B are eXemplary illustrations of a 
pair of perfusion circuit images generated on the display 
device of FIG. 9 during operation of the perfusion system; 

[0021] FIGS. 15A-15C are ?oWcharts illustrating the 
operation of the eXtender controllers shoWn in FIG. 1; 

[0022] FIGS. 16A-16B are ?oWcharts illustrating the 
operation of the node controllers shoWn in FIG. 1; and 

[0023] FIGS. 17A-17D are ?oWcharts illustrating the 
operation of the adapter pods shoWn in FIG. 1. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0024] FIG. 1 illustrates a preferred embodiment of a 
medical perfusion system 10 in accordance With the inven 
tion. The perfusion system 10 is adapted to handle the 
selective oxygenation, ?ltering and recirculation of blood in 
connection With a number of different medical procedures. 
The perfusion system 10 may be placed in a number of 
different con?gurations, each of Which corresponds to a 
different medical procedure. For example, the perfusion 
system 10 may be con?gured as a full-function heart/lung 
machine, a ventricular assist system, or a single-pump 
system that can be used for various purposes, such as to 
perform blood aspiration or myocardial protection during 
surgery. 

[0025] Referring to FIG. 1, the main controller 20 is 
connected to a netWork extender 22a via a data/poWer bus 
30a and to a netWork extender 22b via a data/poWer bus 30b. 
The netWork extender 22a includes an extender controller 
32a connected to three node controllers 34a, 34b, 34c via a 
data/poWer bus 30c. The node controller 34a is connected 
via a data/poWer bus 30a' to an adapter pod 40a, Which is in 
turn connected to a perfusion device 50 in the form of a How 
sensor 50a via a bidirectional data/poWer line 52a. The node 
controller 34b is connected via a data/poWer bus 306 to an 
adapter pod 40b, Which is connected to an air embolus 
sensor 50b via a bidirectional line 52b. The node controller 
34c is connected via a data/poWer bus 30f to an adapter pod 
40c, Which is connected to a blood pump 50c via a bidirec 
tional line 52c. 

[0026] The netWork extender 22b includes an extender 
controller 32b connected to three node controllers 34d, 34e, 
34f via a data/poWer bus 30g. The node controller 34a' is 
connected via a data/poWer bus 30h to an adapter pod 40d, 
Which is connected to a pressure sensor 50d via a bidirec 
tional line 52d. The node controller 346 is connected via a 
data/poWer bus 30i to an adapter pod 406, Which is con 
nected to a temperature sensor 506 via a bidirectional line 
526. The node controller 34f is connected via a data/poWer 
bus 30j to an adapter pod 40f, Which is connected to a How 
occluder 50f via a bidirectional line 52f. 

[0027] The main controller 20 is operatively coupled to a 
blood pump 50g via a bidirectional line 52g connected to an 
adapter pod 40g. The pod 40g is connected to the main 
controller 20 via a data/poWer bus 30k. The main controller 
20 is operatively coupled to a level sensor 50h via a 
bidirectional line 52h connected to an adapter pod 40h, 
Which is connected to the main controller 20 via a data/ 
poWer bus 301. 

[0028] As used herein, the term “perfusion device” is a 
device designed to be used in a medical perfusion system, 
including but not limited to a blood pump such as a 
centrifugal or roller pump, a How sensor, a pressure sensor, 
a temperature sensor, a level sensor, an air embolus sensor 
or an occluder. 

Mechanical Structure of Network Components 

[0029] FIG. 2 is a perspective vieW of a portion of one 
mechanical embodiment of the main controller 20. Referring 
to FIG. 2, the main controller 20 has four netWork connec 
tors 60, Which are shoWn schematically. Each of the netWork 
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connectors 60 is identical and has the same connector 
con?guration. FIG. 5 illustrates the structure of the connec 
tors 60. As shoWn in FIG. 5, each connector 60 may be, for 
example, a standard personal computer connector having 
nine conductive pins 62 partially surrounded by an asym 
metrical metal housing 64. 

[0030] FIG. 3 is a perspective vieW of one embodiment of 
the netWork extenders 22 shoWn schematically in FIG. 1. 
Each netWork extender 22 has a hexahedral housing 66 With 
one side 68 on Which three connectors 70 are disposed and 
an opposite side on Which a connector 72 is disposed. Each 
connector 70 is identical to the connectors 60 and has the 
structure shoWn in FIG. 5. The connector 72, Which is 
shoWn in FIG. 6, has nine pin receptacles 74 formed in an 
asymmetrical housing 76 composed of an insulating material 
such as plastic. The pin receptacles 74 are located to 
correspond to the positions of the nine pins 62 of the 
connector 60. Consequently, the connector 72 has the same 
connector con?guration as the connector 60 and thus can be 
plugged into the connector 60. 

[0031] FIG. 4 is a perspective vieW of the adapter pods 40 
shoWn schematically in FIG. 1. Referring to FIG. 4, each 
adapter pod 40 has a hexahedral housing With one side 82 on 
Which a connector 84 is disposed and an opposite side on 
Which a connector 86 is disposed. The connector 86 is 
identical to the connectors 72 described above (and shoWn 
in FIG. 6). 

[0032] The connector 84 is adapted to be connected to a 
device connector (not shoWn) that is associated With one of 
the perfusion devices 50 described above. The connector 84 
has a different connector con?guration than the connectors 
60, 70, 72, 86. One example of the structure of the connector 
84 is shoWn in FIG. 7 to include six conductive pins 88. 
Since each of the adapter pods 40 is adapted to be connected 
to a different type of perfusion device 50 (the pumps 50c, 
50g may be different types of pumps, such as a roller pump 
or a centrifugal pump), the connector 84 disposed on each of 
the adapter pods 40 may have a different connector con 
?guration. 

[0033] Since the connectors 60 of the main controller 20 
and the connectors 70 of the netWork extenders 22 have the 
same connector con?guration as the connector 86 of the 
adapter pods 40, it should be noted that any of the adapter 
pods 40 may be plugged into any of the connectors 60, 70. 
As a result, any combination of perfusion devices 50 may be 
connected to the main controller 20. 

[0034] FIG. 8 illustrates the main controller 20 having the 
netWork extenders 22 and the adapter pods 40 connected to 
it. Each of the adapter pods 40 of FIG. 8 Would be connected 
to a respective one of the perfusion devices 50 shoWn in 
FIG. 1 via a respective connector (not shoWn) attached to 
the perfusion device 50 by a cable. 

[0035] Although the form of the netWork extenders 22 
shoWn in FIGS. 3 and 8 makes the resulting control unit 
compact, netWork extenders having different structures 
could be used. For example, instead of having the connector 
72 ?xed on the housing 66, the connector 72 could be 
connected to the housing 66 via a cable. Alternatively, the 
housing 66 could be eliminated, and the connectors 70, 72 
could be interconnected via cables. 
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Electronics 

[0036] FIG. 9 is a block diagram of the main controller 20 
shoWn schematically in FIG. 1. Referring to FIG. 9, the 
main controller 20 has a microprocessor (MP) 100, a ran 
dom-access memory (RAM) 102, a nonvolatile memory 104 
such as a hard disk or a ?ash RAM, a netWork controller 106, 
a draWing controller 108, and an input/output (I/O) circuit 
110, all of Which are interconnected by an address/data bus 
112. The I/ O circuit 110 is connected to a display device 114, 
such as a CRT or a ?at-panel display, and an input device 
116, such as a keyboard or electronic mouse or a touch 
screen on the display device 114. 

[0037] The main controller 20 also includes a poWer 
supply circuit 118 that is connected to an outside source of 
AC poWer and Which includes an internal transformer (not 
shoWn) that generates +5 volt and +24 volt DC poWer on a 
pair of electrical poWer lines relative to a ground line, Which 
lines are schematically designated 120 in FIG. 9. The 
electrical poWer and ground lines 120 are provided to each 
of four node controllers 34g-34j via a data/poWer bus 30m 
and to the other node controllers 34 via the other portions of 
the netWork bus 30. The data/poWer bus 30m includes a 
number of data communication lines Which are connected to 
the netWork controller 106. 

[0038] FIG. 10 is a block diagram of the extender con 
troller 32a shoWn schematically in FIG. 1 (the design of the 
extender controllers 32a, 32b is the same). Referring to FIG. 
10, the extender controller 32a has a controller 130 and a 
sWitch 132, both of Which are connected to the data/poWer 
bus 30a. The extender controller 32a is connected to its 
parent node controller 34g via a bidirectional signal line 133. 
As used herein, a “parent” device is a connected device that 
is closer to the netWork controller 106 (FIG. 9) of the main 
controller 20. The node controller 34g transmits a unique 
physical address to the extender controller 32a via the line 
133, and the extender controller 32a includes a driver circuit 
135 Which is used to periodically transmit a check-in code 
to the node controller 34g via the line 133. The check-in 
code and the physical address may be the same binary code. 

[0039] FIG. 11 illustrates a block diagram of the node 
controller 34a shoWn schematically in FIG. 1 (the design of 
all the node controllers 34 is the same). Referring to FIG. 11, 
the node controller 34a has a controller 140 Which receives 
an enable signal or a disable signal from the extender 
controller 32a via one of the lines 134 and a periodic 
check-in code from the adapter pod 40a via the line 133. The 
controller 140 is connected to a code generator 144 via a 
multi-signal line 146. The code generator 144 generates a 
predetermined multi-bit binary code that uniquely speci?es 
the physical address of the node controller 34a. The code 
generator 144 may be, for example, a number of printed 
metal circuit lines, one line for each bit of the code, each line 
being selectively connected either to +5 volts (logic “1”) or 
to ground (logic “0”). 
[0040] The controller 140 selectively operates a sWitch 
150 that either connects or disconnects a data bus 152, Which 
may be composed of tWo individual data lines, that is part of 
the data/poWer buses 30c, 30d (and the other buses 30 that 
make up the netWork). When the sWitch 150 is open, the data 
buses 30c, 30d are disconnected, and When the sWitch 150 
is closed, the buses 30c, 30d are connected to enable data 
communications betWeen the adapter pod 40a and the other 
devices connected to the netWork 30. 
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[0041] The controller 140 also operates a sWitch 154 that 
controls Whether +24 volt DC poWer (relative to a ground 
line 120c) on a electrical poWer line 120a is supplied to the 
adapter pod 40a and a sWitch 158 that controls Whether +5 
volt DC poWer on an electrical poWer line 120b is supplied 
to the adapter pod 40a. The electrical poWer lines 120a, 
120b are part of the data/poWer buses 30c, 30d and the other 
buses 30 that make up the netWork. A resistor 162 is 
connected in parallel With the sWitch 154, and a resistor 164 
is connected in parallel With the sWitch 158. The resistors 
162, 164 act as current-limiting resistors Which prevent large 
amounts of current from being draWn from the poWer lines 
120a, 120b When the sWitches 154, 158 are open. The 
controller 140 is connected to a driver circuit 170 Which is 
used to transmit the physical address generated by the code 
generator 144 to the adapter pod 40a via the line 133. 

[0042] FIG. 12 illustrates a block diagram of the adapter 
pod 40a shoWn schematically in FIG. 1. Referring to FIG. 
12, the adapter pod 40a has a controller 180 Which is 
poWered by a poWer supply 182 connected to the electrical 
poWer lines 120a, 120b. The controller 180 may transmit a 
check-in code on the line 133 via a driver 184. The controller 
180 receives netWork messages from the data bus 152 and 
transmits messages onto the data bus 152 via a transceiver 
186. 

[0043] The controller 180 is connected to a memory 188 
and to a device interface circuit 190. The device interface 
circuit 190 has a plurality of data lines 192 and a plurality 
of electrical poWer lines 194 Which are connected to the 
perfusion device 50a via the connector 84 (FIG. 7). The 
controller 180 causes various types of data signals to be 
transmitted to the perfusion device 50a via the data lines 
192. 

[0044] Depending on the type of perfusion device 50 to 
Which an adapter pod 40 is connected, the signals on the data 
lines 192 might include, for example, digital or analog 
signals (e.g. 4-20 ma signals) relating to the control of the 
perfusion device 50, such as a desired pump speed or mode 
of operation. The number of data lines 192 used depends on 
the particular perfusion device 50 to Which the adapter pod 
40 is connected. 

[0045] The controller 180 also causes various types of 
electrical poWer to be transmitted to the perfusion device 50 
via the poWer lines 194. These types of poWer include, for 
example, +5 volt DC poWer or +24 volt DC poWer. If poWer 
of another voltage level is necessary, the poWer supply 
circuit 182 may comprise a DC/DC converter. 

Con?guration and Display of Perfusion Circuit 

[0046] Prior to using the perfusion system 10 for a medical 
procedure, the operator connects the desired perfusion 
devices 50 to the main controller 20 by physically connect 
ing the desired adapter pods 40 and/or netWork extenders 22 
to the main controller 20, as shoWn in FIG. 8. 

[0047] Prior to the commencement of a medical proce 
dure, the perfusion system 10 is con?gured during a con 
?guration process illustrated in FIG. 13A, Which is a 
?oWchart of a con?guration computer program routine 200 
executed by the main controller 20. Referring to FIG. 13A, 
at step 202 the program generates a visual prompt to the 
operator to request Whether a previous con?guration ?le 
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should be loaded from the memory 104 of the main con 
troller 20. Acon?guration ?le generally includes image data 
corresponding to an image of a perfusion circuit, Which may 
include an outline of the patient, images of a plurality of 
?uid conduits connected to the patient, and images of the 
various perfusion devices 50 used in the system 10. Each 
perfusion device 50 may be represented by a different image, 
depending upon the type of perfusion device. For eXample, 
pumps may be represented by a pump image, Whereas a How 
sensor may have a different image. 

[0048] The con?guration ?le may also include data relat 
ing to the perfusion devices 50, such as the manufacturer and 
model number of the device, the desired operational mode of 
the device, numeric limits at Which an alarm should be 
triggered, and identi?cation of any associated perfusion 
device. TWo perfusion devices may be “associated” if one 
device that is used to control a physical process, referred to 
herein as a control device, is to receive feedback from 
another perfusion device, referred to herein as a sensing 
device. 

[0049] For eXample, referring to FIG. 1, the pump 50g 
could be controlled based on feedback generated by either 
the level sensor 50h (Which Would generate a signal indica 
tive of ?uid level Within a ?uid reservoir) or the How sensor 
50a. In the former case, the pump 50g could be controlled 
to maintain a predetermined level of ?uid Within the reser 
voir, and in the latter case the pump 50g could be controlled 
to maintain a predetermined ?oW through the conduit. Any 
type of conventional feedback control could be used, such as 
proportional-integral (PI) orproportional-integral-derivative 
(PID) control. Where it is desired to control the pump 50g 
based on the output of the level sensor 50h, the association 
of the pump 50g With the level sensor 50h Would be stored 
in the con?guration ?le. 

[0050] Referring to FIG. 13A, if the operator requested 
the loading of a con?guration ?le at step 202, the program 
branches to step 204 Where the operator is prompted to select 
one of those con?guration ?les. If the operator did not Want 
to retrieve a previously stored con?guration ?le, the pro 
gram branches to step 206, Where the operator selects one of 
a predetermined number of types of perfusion circuit 
images. Each perfusion circuit image could correspond to 
the perfusion circuit that Would be utiliZed for a different 
medical procedure. TWo different types of perfusion circuit 
images are illustrated in FIGS. 14A, 14B described beloW. 

[0051] At step 208, either the perfusion circuit image 
corresponding to the con?guration ?le selected at step 204 
or the perfusion circuit image selected at step 206 is dis 
played on the display 114. A pair of exemplary perfusion 
circuit images that may be displayed on the display 114 are 
illustrated in FIGS. 14A and 14B. 

[0052] Referring to FIG. 14A, an image 232 of a perfu 
sion circuit corresponding to a left ventricle assist device 
(LVAD) con?guration is shoWn. The perfusion circuit image 
232 includes a patient image 234, an image 236 of a ?uid 
conduit Which removes blood from the left ventricle of the 
patient, an image 238 of a pump, an image 240 of a ?uid 
conduit Which returns blood to the aorta of the patient, an 
image 242 of a How occluder, an image 244 of a temperature 
sensor, and a pair of images 246 of an air embolus sensor. 

[0053] Referring to FIG. 14B, an image 248 of a perfusion 
circuit corresponding to a bi-ventricular assist device (Bi 
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VAD) con?guration is shoWn. The perfusion circuit image 
248 includes all of the images shoWn in FIG. 14A, as Well 
as an imaae 250 of a second blood pump, an image 252 of 
a conduit Which removes blood from right ventricle of the 
patient, and an image 254 of a conduit that returns blood to 
the pulmonary artery of the patient. Each of the perfusion 
circuit images illustrated in FIGS. 14A, 14B could be 
pre-stored in the memory 104 of the main controller 20, in 
addition to other types of perfusion circuit images. 

[0054] At step 210, the operator may select one of a 
number of con?guration options to change the con?guration 
of the perfusion system 10. If the operator selects the option 
of adding a perfusion device 50 as determined at step 212, 
the program branches to step 214 Where the operator is 
prompted to select a type of perfusion device 50, such as a 
pump or a How sensor, to add to the perfusion circuit image 
displayed on the display 114. 

[0055] At step 216, the operator selects the position at 
Which an image of the neWly selected perfusion device 50 
Will be displayed. This position could be speci?ed by the 
operator via an electronic mouse, and the displayed perfu 
sion circuit image could include a number of possible 
connection points 256 (FIG. 14A) at Which the perfusion 
device 50 could be connected. The possible connection 
points 256 could be highlighted, such as by placing them in 
a bold color or making them blink on and off, so that the 
possible connection points 256 are readily apparent to the 
operator. After the operator selects the position, at step 218, 
an image of the perfusion device is displayed in the perfu 
sion circuit image at that position. 

[0056] If the operator selected the option of con?guring 
one of the perfusion devices as determined at step 220, the 
program branches to step 222 Where the current con?gura 
tion of the perfusion device 50 is displayed neXt to the image 
of the device in the perfusion circuit. As noted above, the 
current con?guration could include the mode of operation of 
the perfusion device, alarm limits for the device, any asso 
ciated perfusion devices, etc. At step 224, the operator may 
change or add to the current con?guration. 

[0057] If the operator selected the option of displaying 
data for the perfusion devices as determined at step 226, the 
program branches to step 228 Where it checks to determine 
Whether there is data available to display. Such data could 
include, for eXample, the manufacturers and model numbers 
of the perfusion devices. If there is data available as deter 
mined at step 228, the program branches to step 230 Where 
the data is displayed neXt to the perfusion devices in the 
perfusion circuit. 

Connecting Perfusion Devices 

[0058] The main controller 20 may utiliZe a plug-in pro 
cedure to accommodate perfusion devices 50 that are sub 
sequently connected to the perfusion system 10. FIG. 13B 
is a ?oWchart of a plug-in routine 260 performed by the main 
controller 20. During the plug-in routine, the main controller 
20 may operate in an automatic match mode in Which it can 
match a previously entered device con?guration With a 
perfusion device that is subsequently connected to the main 
controller 20. For eXample, a operator may con?gure a 
centrifugal blood pump (not yet connected to the main 
controller 20) to operate in a continuous mode to continu 
ously pump a predetermined ?oW. When the blood pump is 
















